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(57) Abstract: A nozzle (1) is described for delivering 
a flow of liquid metal from a metallurgical vessel. In 
combination with inert gas, the nozzle can shield the flow 
of liquid metal from oxygen and, additionally, can be used to 
purge liquid metal residing in the metallurgical vessel. The 
nozzle includes a substantially gas-impermeable liner (9) 
surrounded by a permeable composition (10). The gas-im- 
permeable liner may comprise a resin-bonded material, and 
the permeable liner is preferably a carbon-bonded or castable 
refiractory. A metal housing (14) may surround the nozzle. 
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FIELD OF THE INVENTIQN 

This invention relates to a xefractory nozzle for use in the casting of molten 
steel, and particularly to a nozzle that uses inert gas for reducing unwanted 
accumulation of alumina deposits at the steel/nozzle inter&ce. 
BACKGROUND OF THE INVENTION 

Refiactory articles for controlling a flow of molten metal, such as steel, are 
known in the prior art. Such articles include nozzles, slide gate plates, stopper rods 
and shrouds, and are often used in combination to modulate a flow of liquid steel 
during tiie casting of molten metal* In the 1 970's, the manufecture of aluminum- 
killed steels hecame one of the most common products of the steel making industry 
due to their desirable metallurgical properties. Unfortunately, altmiina and other 
refractory compounds deposit and accumulate at the interface of the article and the 
molten steel, loterj&ces include, for example, the bore and top surface of the nozzle. 
Such deposits can ultimately cause the complete blockage of the nozzle or prevent 
shut-oflF of flow of the molten steel. 

Inert gas has been used to reduce unwanted deposits on refiactory sur&ces. 
Nozzle assemblies frequently include porous, gas-conducting refractory elements. 
Gas deUvery systems, such as chamels, grooves or devices, within or outside flie 
nozzle can direct inert gas to the porous elements. Examples of such nozzles are U.S. 
Pat Nos. 4,360,190; 5,100,035, 5,137,189, and 5,723,055. In operation, a pressmized 
inert gas, such as argon, travels through the gas delivery system and percolates 
through the porous refiactory el^ents. The porous elements may define at least a 
portion of the bore surfitce or may be proximate to the bore surface so that inert gas 
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may escape into tlie bore. Additionally, the porous element may be near or at the top 
surfece of the nozzle. The resulting flow of small argon bubbles through the sides of 
the bore or top surface of the nozzle can reduce flie deposition of unwanted alumina 
in these areas. 

5 Research has shown that oxygen reacts with constituents m the nozzle and the 

molten steel to produce alumma deposits. By mjectmg an overpressure of inert gas, 
the prior art decreased the partial pressure of oxygen available to cause clogging. In 
other words, the prior art injected inert gas into the nozzle and subsequentiy into the 
stream of molten steel causiijg a reduction in oxygen concentration and corresponding 

10 reduction in imwanted deposits. This solution is not entirely satisfactory because 
oxygen is still present to the molten steel because of, for example, leaks m the inert 
gas system, contanunation of the inert gas, and preexistmg oxygen in the system. 
Clogging can still occur. 

A need exists for a refractory article that shields the molten steel from oxygen. 

1 5 Prior art articles stiU permit the diffusion of oxygen through the article and into the 
molten steel. Metal cans have not proven completely acceptable because oxygen can 
still penetrate along the interface between the article and the can. Furthermore, 
"canning*' significantiy adds to the expense of the prod\ict Ideally, a nozzle would 
scavenge or scrub oxygen from the inert gas while imposing an impermeable barrier 

20 around the molten metal. 

SUMMARY OF THE INVENTION 

The present invention describes a refractory article for use in the casting of 
molten steel that reduces the accumulation of inclusions, particularly alumina, on 
surfaces exposed to a stream of molten steel. Surfeces may include the bore or top 
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surface of a nozzle. 

In a broad aspect, the article includes a liner comprising a substantially gas- 
impermeable refractory composition and a gas-permeable refractory composition 
surrounding the liner. The impermeable composition inhibits oxygen diSiision to the 
5 molten metal. The permeable composition is adapted to permit diffusion of inert gas, 
thereby shieldiag the impermeable composition and the molten metal from oxygerL 

The impermeable composition is preferably a resin-bonded composition 
comprising a refractory aggregate, binder and oxygen getter. The latter includes 
con:ipounds that scmb oxygen from the gas entering the molten metal, and includes 
10 reactive metals. 

The gas-permeable composition may comprise carbon-bonded, oxide-bonded, 
resin-bonded, or castable refractories. Importantly, the permeable composition 
permits the difiusion of inert gas so that inert gas substantially shields the 
impermeable composition and the molten metal from oxygen ingress. Conveniently, 
15 the porosity of the permeable composition can control the difiusion of inert gas. 

Alternatively or in conjunction with porosity, a gas delivery system, such as charmels, 
grooves or devices, may facilitate the delivery and diffusion of inert gas through the 
permeable material. 

The method of the present invention includes lining a bore of a refractory 
20 article with a substantially gas impermeable composition, suiroimding at least a 
portion of the impermeable composition with a gas-permeable composition, and 
flooding the permeable composition with inert gas. 

In one embodiment, an overpressure of inert gas shields the molten metal from 
oxygen. In an alternative embodiment, the inert gas purges molten metal within a 
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metallurgical vesseL 

BREIF DESCRIPTION OF TEJB DRAWINGS 

Figure 1 shows a cross-section of a refractory nozzle of tiie present invention. 

Figure 2 shows an alternative embodiment that permits purging of molten 
metal in a metallurgical vesseL 
DETAILED DESCRIPTION OF THE INVENTION 

The present invention concerns refi:actory articles used to control the flow of 
molten metal» specifically steel. The present invention may include any refractory 
article for conducting a flow of molten metal, including nozzles, shrouds and slide 
gate plates. For convenience, nozzle shall mean any refractory article used to conduct 
a flow of molten metal. 

Figure 1 shows one embodiment of fbe present invention. The article 1 
comprises a nozzle body 2 having an inner surface 3 defining a bore 4, a top su&ce 5 
surrounding an inlet 6 of the bore 4, an outiet 7 fluidly connected to the inlet 6, and an 
outer surface 8. The bore 4 is adapted to transfer the steel from the inlet 6 to the 
outlet 7. The inner surface 3 includes a liner 9 comprising a substantially gas- 
impervious composition. The liner 9 defines at least a portion, and preferably all, of 
the bore 4. An outer portion 10 of the nozzle 2 surrounds the liner 9 and comprises a 
gas-permeable composition. The nozzle 2 is adapted to receive a flow of inert gas. 
During casting, a conduit 1 1 nmy deliver the gas to the nozzle 2 and, in combination 
with various chaimels, grooves or devices 12 within or surrounding the nozzle 2, the 
gas permeates the outer portion 10 effectively shielding the molten metal in the bore 4 
from tile atmosphere. 

The gas-impermeable composition must be substantially impermeable to 
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gases. One skilled in the art is aware of several methods to produce an impermeable 
material vising a variety of chemical and mechanical means. For examples, fluxes, 
glazes, particle size distribution, bonding system, composition of the refractory, and 
processing conditions can individually and in combination affect permeability. 

5 Fluxes lower the glass temperature and £BK)iUtate vitrificati^ Glazes produce an 
impervious coating on the surface of the refractory. Particle size distribution in a 
refractory aggregate can substantially affect porosity, and ultimately permeability, in 
a finished product. Processing conditions, such as firing temperature and pressing, 
have profound effects on permeability. Chemical compositions of the refiractory and 

10 bonding system also substantially affect permeability. 

The gas-impermeable composition may be formed &om any type of material, 
including resin-bonded, carbon-bonded, oxide-bonded, and castable refiractories. 
Carbon-bonded refractories include mixtures of refractory aggregate, graphite and a 
binder that have been fired under reducing conditions. Firing means heating the 

15 composition at a temperature capable of forming metal carbides, particularly 

aluminum carbide. Such temperatures are typically above 800°C, but may be higher 
depending on the firing time. Oxide-bonded compositions are sintered at elevated 
temperatures, ofren substantially higher than temperatures needed for carbon-bonding. 
Resin-bonded refiactories are cured at temperatures below about 800®C, and 

20 fi:equentiy below about SOO^C. Unlike the previous materials, castable refractories do 
not typically need pressing and can be molded at near ambient temperature and 
pressure. A castable material includes any of the refiractory cement-like products 
commonly used in tiie industry. 

In a preferred embodiment, the impermeable composition comprises a resin- 
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bonded mateiial. Such materials require no special processing or chemicals, and are 

^miliar to manufactures of refractories for the steel industry. Advantageously, resin- 
bonded compositions are cured at low temperatures, can comprise clog- resistant 
materials, and may contain oxygen getters that would not survive high temperature 
S firing needed for carbon-bonded or oxide bonded materials. 

Suitable resin-bonded compositions include at least one refiactory aggregate, a 
curable resin binder and a reactive metal. Refractory aggregate includes any 
refractory material suitable for steel casting, including but not limited to alumina, 
magnesia, calcia, zirconia, silica, compounds and mixtures thereof Preferably, 
10 compounds that can produce volatile oxides at elevated temperatures, such as silica 
and magnesia, should be avoided because volatile oxides are a means of oxygen 
transport to the molten metal, and oxygen ingress has been correlated with alumina 
deposition. 

The curable resin binder should be present in an amount to achieve adequate 
IS green strength after pressing and curing. Curing commonly occurs at below around 
300 ^C. The composition may be heat treated at a temperature preferably below about 
800®C and most preferably below about SOO^C. The amount of binder will vary 
depending on, for example, the type of binder used and the desired green strength. A 
sufficient amount of binder will typically be from 1-10 wL%. Typically, the binder is 
20 organic and usually the binder is a carbon resin, such as, a carbonaceous binder 

derived from pitoh or resin. The binder may include other types of organic binders, 
such as, phenolic compoxmds, starch, or ligno-sulfinate. 

The gas-impemieable composition may also comprise oxygen getter. An 
oxygen getter reacts with oxygen that difiuses into or forms within the gas- 
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impenneable composition, thereby making the oxygen unavailable to the molten steel. 
Common oxygra getters include, for example, boron compounds, carbides, nitrides, 
and reactive metal powders such as aluminum, magnesium, silicon and mixtures and 
alloys thereof. Advantageously, boron compounds reduce porosity and permeability, 

5 thereby creating a physical barrier to oxygen diffusion. The needed quantity of 
oxygen getter depends on the particular use to which the re&actory article will be 
placed. A minimum of 0.25 wt.% is believed necessary to show demonstrable 
improvement in oxidation-resistance. Alternatively, more than 15 wt.% is costly, 
typically unnecessary, and may even be hazardous such as vvben using reactive metal 

10 powders. Additionally, oxygen getters may decrease thermal shock-resistance of the 
fired shape and reduce erosion-resistance to steel. 

A preferred oxygen getter comprise reactive metals, including aluminum, 
magnesium, silicon, titanium, and mixtures and alloys thereof. Conveniently, reactive 
metals are added as powders, flakes and the like. The reactive metal should be 

15 present in sufficient quantity so that, during casting of molten steel, the reactive metal 
scavenges any oxygen tibiat may difEuse into or emanate fiom the refractory article. 
Various factors affect the amount of reactive metal that will be sufficient to scavenge 
oxygen. For example, the inclusion of oxygen-releasing compounds, such as silica, 
require higher levels of reactive metal in order to scavenge the released oxygen. 

20 Limitations on the amount of reactive metal include cost and hazardousness. 
Reactive metals are generally more expensive than refractory aggregates and, 
especially as powders, reactive metals can be explosive during processing. A typical 
amount of reactive metal is from 0.5-10 wt.%. 

The impermeable composition may include a resin-bonded composition 
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compiising.50-90 wt% refiactory aggregate, 1-10 wL% binder, and 0.5-15 wt% 

reactive metal. More preferably, the resin-bonded composition comprises 65-80 wt% 

fused alumina, 2-30 wt% calcined alumina, 1-10 wt% binder, 0.5-10 wt% aluminum 

metal, up to 15 wt.% zirconia, and less than 3 wL% silica. 

The gas-permeable refiractory composition may comprise any suitable 

refiactory composition, including carbon-bonded, oxide-bonded, resin-bonded, or 

castable refractories, but preferably comprises carbon-bonded refractories or castable 

materials. Suitable carbon-bonded refractories are well known by one skilled in fhe 

art, and typically are thermal shock resistant Castable materials are commonly dry 

powders that are mixed with water to form a slurry. Advantageously, the slurry can 

be molded around the impermeable composition without pressure or tenq)erature 

extremes. 

The permeable composition shoiild surround at least a portion of the 
impermeable composition, and preferably it surrounds the entire impermeable 
composition. Desirable, but not necessary, features of the permeable composition 
include easy grindability and low thermal conductivity compared to the impermeable 
composition. Grindability permits easier niachining of a refractory article to its 
finished dimension. Low conductivity insulates tiie molten steel and reduces the 
likelihood of steel fireezing in the nozzle. 

The permeable composition permits the difiusion of inert gas so that inert gas 
substantially shields the impermeable composition and the molten metal fix>m oxygen 
ingress. Convenientiy, the porosity of the permeable composition can control the 
diffusion of inert gas. As explained above, one skilled in the art is aware of numerous 
techniques to increase porosity. Fugitive additives, such as waxes and volatile 
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compounds, may also be used to increase porosity. Alternatively or in conjunction 
with porosity, a gas delivery system, such as channels, grooves or devices, may 
facilitate the delivery and difiusion of inert gas through the permeable material. 

Porosity of the refractory largely controls permeability. Total porosity of the 

5 gas-permeable composition should be at least about 15%. Alternatively, the gas- 
permeable composition should have a porosity at least about 5% greater than the gas- 
impermeable composition. The difiference in porosities is sufficient to channel gas 
through the permeable composition and away from the impermeable composition. 
Contiguous, open-cell pores are particularly effective at increasing 

10 permeability. Gases can readily travel from pore to pore without impediment Large 
pore size also facilitates gas transport In contrast, small pore size requires greater 
pressure to infuse the permeable composition with gas. Large pores, of course, can 
decrease the strength of the material. Preferably, the average pore size of the gas- 
permeable refractory is at least about one micron and less than five millimeters. 

15 Cras delivery systems can increase gas transport Such systems comprise 

channels, grooves or devices within or on a surface of the refractory article. Figure 1 
shows a device 12 within the article. The device can be perforated to permit uniform 
distribution of gas along its length. Chaxmels 13 on the interior of the nozzle 2 
perform a similar frmction. Channels are frequentiy produced by burning out wax or 

20 other low melting point material that had been pressed or cast into the refiractory 
article. 

A metal can 14 may be used with the refractory article, especially when the 
article is a collector nozzle of a ladle or tundish. A metal canl4 often improves 
physical integrity and creates a mechanical barrier to oxygen dif&ision. An added 
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benefit is the ability to create a g^s channel firom a groove 1 5 on the outer surface 8 of 
the nozzle 2 and the metal can 14. Such grooves are often easier to manufecture than 
gas channels within the refractory article. 

Figure 2 shows an alternative embodiment of Ihe present invention. A 
5 subentry nozzle 2 extends from an interior volume 21 of a tundish 20 to a mold 22. 
The nozzle 2 comprises an impermeable liner 9 surrounded by a peraieable 
composition 10. The nozzle 2 mcludes a top sur&ce 5 surrounding the inlet 6. 
Unlike Figure 1, the permeable composition 10 extends to the top surface 5. Forcmg 
inert gas through the praneable composition 10 at a pressure higher than the 
10 ferrostatic head can force the gas to exit the top surface 5, thereby purgmg the molten 
metal within the tundish 20. Obviously, purging can also be accomplished with a 
well nozzle of appropriate construction. 

The unpenneable and permeable compositions should form a single refractory 
article. The compositions may be co-pressed; one composition may be formed 
15 around or within the otiier composition; or pieces comprising first and second 

compositions may be joined together, such as by mortaring. Co-pressmg is useful 
when the first and second compositions are particulates, and is particularly useful 
when the compositions require similar processing, such as, curing cycles, for 
example, when both compositions are resin-bonded compositions. 
20 Pressmg mcludes isostatic and standard, uniaxial pressing. Co-pressmg is also 

possible ^en one composition is pressed with a preform piece of the other 
composition. For example, a material may be pressed and fired to form a permeable, 
carbon-bonded preform. A second material, vMch will form the impermeable 
composition, can tiien be pressed and cured with tiie permeable preform to form the 
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lefiractory article. 

Alternatively, an impermeable composition may be pressed and a permeable 
material may be molded in or cast aroimd the second material. Li one such 
embodimrat, a slide gate plate may have a liner comprising the impermealbe material 
and a porous castable material may comprise the remainder of the plate. Anoflier 
method of combining first and second conqrasitions includes joimng a first piece 
conipiising an impermeable composition to a second piece comprising a permeable 
composition. Typically, a refiractory mortar is used to join die two pieces. 

The mediod of the present invention includes Iming a bore of a refiactory 
article with a substantially gas impermeable composition, surrounding at least a 
portion of tiie unpermeable composition whh a gas-permeable composition, and 
flooding the permeable composition with inert gas. 

In one embodiment, as shown in Figure 1, an overpressure of inert gas shields 
the molten metal fi»m oxygen. In an alternative embodiment, as shown in Figure 2, 
the inert gas shields molten metal within the bore firom oxygen and purges molten 
metal within a metallvD^cal vessel. 

Obviously, numerous modifications and variations of the present invention are 
possible. It is, tiierefore, to be understood that witiiin the scope of the following 
claims, the invention may be practiced otherwise tium as specifically described. While 
tiiis mvention has been described with respect to certain preferred embodhnents, 
different variations, modifications, and additions to tiie invention will become evident 
to persons of ordinary skiU in the art. All such modifications, variations, and additions 
are intended to be encompassed within the scope of this patent, vMch is limited only 
by the claims appended hereto. 
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What is claimed: 

1 . A refractory nozzle for use in the casting of molten metal having an inlet, an 
outlet fluidly connected to the inlet, an outer surface, an imier surface defmng a 
bore between the inlet and the outlet, and a top surface suirounding the inlet, the 
nozzle adapted to receive a flow of inert gas and characterized by: 

a) a substantially gas-impervious refractory composition lining at least a 
portion of the inner surface; and 

b) a gas-permeable refractory composition surrounding at least a portion of the 
gas-impervious composition, the pemieable composition having a poiosity 
sufficient to permit diffusion of inert gas. 

2. The refiBctory nozzle of claim 1 , frirtho: characterized by the gas-pemieable 
composition having a porosity of at least 15%. 

3 . The refractory nozzle of any one of the preceding claims, frirtfaer characterized 
by the penneable composition including an open-cell pore structure and an 
average pore size of at least one micron. 

4. The refractory nozzle of any one of the preceding claims, frirther characterized 
by the permeable refractory composition selected from the group consisting of 
carbon-bonded refiractories, oxide-bonded refractories, resin-bonded 
refractories, castable refiractories and mixtures thereof. 

5. The refi:actory nozzle of any one of the preceding claims, further characterized 
by the gas-imp^rvioiis refiractory composition selected from the group consisting 
of carbon-bonded refractories, oxide-bonded refractories, resin-bonded 
refractories, castable refiractories and mixtures thereof. 

6. The refractory npzzle of any one of the preceding claims, fijrther chamcterized 
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by the gas-impervious composition including oxygen getters. 

7. The refractory nozzle any one of the preceding claims, fiirther characterized by 
the gas-impervious composition comprising a resin-bonded refiactory 
comprising 50-90 wt.% refiactory aggregate, 1-10 wL% binder, and 0.5-15 
wt.% reactive metal. 

8. The refiactory article of claim 7, further characterized by the refiactory 
aggregate comprising at least one refiactory matraial selected fiom the groiq> 
consisting of alumina, zirconia, calcia, magnesia, silica, and mixtures and 
conqiounds tiiereof. 

9. The refiactory nozzle of any one of claims 7 and 8, characterized by the reactive 
metal comprising at least one metal selected fiom the group consisting of 
aluminum, magnesium, silicon, titanium, and mixtures and alloys thereof 

10. The refiactory article of any one of the preceding claims, characterized by the 
gas-impervious refiactory composition made fiom a mixture comprising 65-80 
■wt% fiised alumina, 2-30 wt.% calcined alumina, 1-10 wt.% binder, 0.5-10 
wt% aluminum metal, up to 15 wt% zarconia, and less than 3 wt.% silica. 

11. The refiactory nozzle of any one of the previous claims, further characterized by 
the nozzle including an meat gas delivery system. 

12. The refiactory nozzle of claim 11, characterized by the gas deUvery system 
bdng selected fiom the group consisting of channels, grooves and devices. 

12. The refiactory nozzle of any one of the preceding claims, further characterized 
by a metal housing at least partially encasing the outer surface of the nozzle. 

13. The refiactory nozzle of any one of the preceding claims, further diaracterized 
by the permeable composition extending to the top surface, whereby inert gas 
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can purge the molten metal whea pressure of the inert gas exceeds ferrostatic 

head in the molten metal. 
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AMENDED CLAIMS 

[Received by the International Bureau on 03 February 2004 ( 03.02.04 ): 
original claims 1 » 13 replaced by amended claims 1-14 

(2 pages)] 

+ Statement 

WHAT IS CLAIMED IS ; 

1 . A refractory nozzle for use in the casting of molten metal having an inlet, an 
outlet fluidly comiected to the inlet, an outer surface, an inner surface defining 
a bore between the inlet and Ae outlet, and a top surface surrounding the inlet, 
the nozzle adapted to receive a flow of inert gas and characterized by: 

a) a gas-impervious refractory composition lining substantially the entire 
inner sur&ce; and 

b) a gas-permeable refractory composition surrounding at least a portion of 
the gas-impervious composition, the permeable composition having a 
porosity sufficient to permit dif&ision of inert gas, 

2. Therefi^ctory nozzle ofclaiml, further characterized by the gas-permeable 

composition having a porosity of at least 15%. 

3. The refractory nozzle of any one of the preceding clahns, ftardier characterized 
by the permeable composition including an open-cell pore structure and an 
average pore size of at least one micron. 

4. The refractory nozzle of any one of the preceding claims, further characterized 
by the permeable refractory composition selected from the group consisting of 
carbon-bonded refractories, oxide-bonded refractories, resin-bonded 
refractories, castable refractories and mixtures thereof 

5. The refractory nozzle of any one of the preceding clainis, fiirther characterized 
by the gas-impervious refractory composition selected from the group consisting 
of carbon-bonded refractories, oxide-bonded refractories, resin-bonded 
refractories, castable refractories and mixtures thereof. 

6. The refractory nozzle of any one of the preceding claims, fiirther characterized 

by the gas-impervious composition including oxygen getters. 

IS 

AMENDED SHEET (ARTICLE 19) 



wo 2004/022267 



PCT/US2003/027209 



7. The refractory nozzle any one of the preceding claims, furttier characterized by 
the gds-impervious composition comprising a resin-bonded refractory 
comprising 50-90 wt% refractory aggregate, 1-10 wt.% binder, and 0.5-15 wt.% 
reactive metal. 

8. The refractory article of claim 7, further characterized by the refractory 
aggregate comprising at least one refractory material selected from the group 
consisting of alumina, zirconia, calcia, magnesia, silica, and mixtures and 
conipounds thereof 

9. The refractory nozzle of any one of claims 7 and 8, characterized by the reactive 
metal comprising at least one metal selected from the group consisting of 
ahmiinum, magnesium, silicon, titanium, and mixtures and alloys thereof. 

10. The reflBctoiy article of any one of the preceding claims, characterized by the 
^-impervious refractory composition made from a mixture comprising 65-80 
wt.% fused alumina, 2-30 wt.% calcined alumina, 1-10 wt.% binder, O.S-10 
wt% aluminum metal, up to 15 wt.% zirconia, and less than 3 wt% silica. 

1 1 . The refractory nozzle of any one of the previous claims, further characterized, by 
the nozzle including an inert gas delivery system. 

12. The refractory nozzle of claim 1 1, characterized by the gas delivery system 
being selected from the group consisting of chaimels, grooves and devices. 

13. The refectory nozzle of any one of the preceding claims, further characterized 
by a metal housing at least partially encasing the outer sur&ce of the nozzle. 

14. Hie refractory nozzle of any one of the preceding claims, further characterized 
by the permeable composition extending to the top surface, whereby inert gas 
can purge flxe molten metal when pressure of the inert gas exceeds ferrostatic 
head in the molten metal. 
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AMENDED SHEET (ARTICLE 19) 



wo 2004/022267 PCTAJS2003/027209 

STATEMENT 

Applicant has amended the claims to correct typographical errors and to 
clarify the distinction between the present invention and the prior art. 

As amended, the nozzle comprises a gas permeable composition surroundmg 
at least a portion of a gas-impervious composition, which makes up an inner surface 
of the nozzle. In contrast, the cited prior art teaches an impenneable liner over only a 
fraction of the inner surface. 

The nozzle of the present invention comprises a gas-impervious composition 
that defines a bore through which the molten metal may flow. This configuration 
simultaneously shrouds the nozzle witli inert gas and shields the molten metal from 
gas of any type. Prior art does not teach or suggest tiiis feature of the invention. 

Prior art directs gas into the molten metal at defmed locations along the 
nozzle. For example, US 5723055 and JP 61-020660 direct gas to the top of the 
nozzle. US 4778775 teaches injecting gas into flie lower portion of a nozzle. These 
references do not attempt to shield the molten metal from gas. 

Applicant respectfully requests substitution of the amended sheets for the 
corresponding sheets in the presmt application, and requests the written opinion be 
based on the amended claims. 

Date: 3 Fo^ "Z^o^ 

Vesuvius USA Corporation 
27 Nobletown Road 
Carnegie. PA 15106-1632 
Tel: 412-276-1750x252 
Fax:412-276-7252 



Respectfully submitted. 




es R. Williams 
No. 43^68 
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Dedaratlon: Inventorship (only for 
the purposes of the designation of 
the United States of America) 
Dedaration of Inventorship (Rules 
4.17CIV) and 51bis.1(a)(lv)) for Ihe 
purposes of the designation of the 
United Slates of America: 


I hereby declare that I believe I am the 
original, first smd sole (if only one 
inventor is listed below) or joint (if 
more than one inventor is listed below) 
inventor of the subject matter which is 
claimed and for which a patent is 
sought . 

This declaration is directed to the 
international application of which it 
foirms a part (if filing declaration with 
application) . 

I hereby declare that my residence, 
mailing address, and citizenship are as 
stated next to my name. 

I hereby state that I have reviewed and 
\inderstand the contents of the 
above -identified international 
application/ including the claims of 
said application. I have identified in 
the request of said application, in 
compliance with PCT Rule 4.10, any- claim 
to foreign priorxty, and I have 
identified below, under the heading 
"Prior Applications," by application 
number, country, or Member, of the World 
Trade Orgsuiization, day, month and year 
of filing, any application for a patent 
or inventor's certificate filed in a 
councry ocner tnan tne United States of 
America, including any PCT international 
aoolication desicmatincr at Toant' rtno 
country other than the United States of 
America, having a filing date before 
that of the application on which foreign 
priority is claimed. 


VIII-4-1 
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Prior applications: 


60/407,815, US, 03 September 2002 
(03.09.2002) 



PCTAJS2003/027209 



I hereby acknowledge the duty to 
disclose information that is knovm by me 
to be material to patentability as 
defined by 37 C.F.R. § 1.56, including 
for continuation-in-part applications, 
material information which became 
available between the filing date of the 
prior application and the PCT 
international filing date of the 
continuation-in-part application. 
I hereby declare that all statements 
made herein of my own knowledge are true 
and that all statements made on 
information and belief are believed to 
be true; and further that these 
statements were made with the knowledge 
that willful false statements and the 
like so made are punishable by fine or 
imprisonment, or both, under Section 
1001 of Title 18 of the United States 
Code and that such willful false 
statements may jeopardize the validity 
of the application or any patent issued 
thereon. 



Name: 
Residence: 

(dty and either US State, if applicatsle, 
or country) 
Mailing address: 

Citizenship: 

Inventor's Signature: 
(if not contained fn the request, or if 
declaration is corrected or added under 
Rule 26ter after the filing of the 
International application. The signature 
must be thai of the inventor, not that of 
the agent) 
Date: 

(of signature which Is not contained in 
the request, or of the declaration that is 
corrected or added under Rule 26ler 
after the filing of the Internationa) 
application) 



RXCHAUD, iTohan 
Dtmdas, Canada 

6 Waterwheel Crescent 
FR 




